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ABSTRACT 

Natural fibers are biodegradable and eco-friendly materials which are available in vast. At present days 
researchers focus more on using natural fiber for the fabrication of new materials with different properties and products. 
The coir fibers are randomly oriented and successfully fabricated by using compression molding process. The 
investigation activity mainly focused on comparing the impact behavior of vinyl ester based termite mound filler added 
coir fiber composite and eggshell filler added coir fiber composite. The fabrication of composite test specimens is 
prepared with the different length of coir from 10mm to 50mm and the particulate weight percent from 10 to 30. The 
result discussed reveals that the termite mound filler added coir composite has higher impact strength than eggshell filler 
added coir composite. 
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INTRODUCTION 

Composites 

The Composites are materials consist of two or more chemically distinct constituents on a macro scale 
having a distinct interface separating them and having bulk properties significantly different from those of any of 
the constituents. The polymer matrix composite contains the Vinyl ester as base material reinforced with the 
combination of coir fiber and termite mound as one composition and combination of coir fiber and eggshell 
provides next composition. The termite mound filler provides good bonding with coir fiber and vinyl ester, which 
in turn improves the mechanical property of polymer matrix composite. With the standard design and fabrication 
of the PMC, the new composition exhibits good mechanical properties, instead of using them separately. 
Composites typically have a fiber or particle phase that is stiffer and stronger than the continuous matrix phase and 
serve as the principal load carrying members. The composite materials are one in which the fibers are reinforced in 
a matrix (organic or inorganic) which forms the position and orientation. The fiber holds the load carrying capacity 
embedded inside the matrix. Composite manufactured here is fiber reinforced with a thermosetting/thermoplastic 
polymer which is known as Fiber Reinforced Composite (FRP). FRP comprises fibers of high strength, 
lightweight, and high stiffness, entrenched in a matrix with different interfaces between them. The role of the 
matrix is to convey the weight to the fibers and to afford an obstacle against an adverse environment and to guard 
the surface of the fibers against mechanical abrasion. 
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Joshi et al 111 reveals that natural fiber reinforced composites are eco-friendly and its light weight and high strength 
proves their superiority in specific applications. When these types of composites were used in automobiles will decrease 
the fuel consumption and emission. Comparisons were made between natural fiber and glass fiber reinforced composites. 

Wei. C et al 121 have tested the natural fiber (coir) reinforced composites in the applications of the post box, 
helmets, etc. and the test report shows the flexural strength of about 38MPa. The weight percentage of fiber added was 9 to 
15%. Mukherjee et al 141 results indicated that with varying diameter of the fiber has no effect on strength, but by varying 
length it shows a diverse change in the strength. The fiber used in this composite was sisal fiber. 

Harish et al [5] compared the results of natural fiber reinforced composite with glass fiber reinforced composite 
and reported that with the addition of filler materials to the composite gives an added advantage for the betterment of the 
strength of the composite material. They used coir fiber as a natural fiber and made comparisons with the artificial fiber 
i.e., glass fiber. 

S. Harish et al results reveal that the glass fiber reinforced composites has lower flexural, impact and tensile 
strength when compared to coir fiber reinforced composite. Moreover, the composite produced with natural fiber are 
environmentally friendly. The natural fiber composite found wide application in the automobile industry and it improves 
the fuel efficiency and lowers the emission. D. Lingaraju et al produced the composite material with glass woven mat and 
Nano filler by varying different weight percent and the results shows an increase in the hardness value of the composite. 

In the present method, composites were fabricated with coir fiber and the filler materials termite mound and egg 
shells were used by varying the weight percentage. The prepared composite was tested and the results discussed below. 

MATERIALS AND PROCESSING 

Materials of Composites: 

The materials used for the manufacturing of natural fiber reinforced composite is listed in the table 

Table 1: The Materials used for the Manufacturing of Natural Fiber 


Material 

Type 

Matrix 

Vinyl ester resin 

Catalyst 

Methyl Ethyl Ketone Peroxide(MEKP) 

Accelerator 

Cobalt Octoate 

Promotor 

Di Methyl Aniline (DMA) 

Filler 

Termite mound soil and Boiled Egg shell 

Reinforcement 

Coir fiber 

Releasing agent 

PVA 


Coir Fiber 

Coir fiber is extracted from the coconut husk. These coir fibers are used commercially for the production of ropes, 
bags, mattresses, etc by the traditional method. India and Sri Lanka stood first in the use of Coir fiber for many 
applications which have been manufactured by the traditional method. The coir fiber extracted was treated chemically and 
the dry fibers were cut into 10 to 50mm length for the composite material preparation. Coir fiber is available in plentiful 
quantity and use of it is very less for the production of composite materials. So this research work will lead the world to 
make of use of coir fiber in the production of composite material (Bio-degradable) which can replace the glass fiber 
reinforced composite materials (non-degradable). Figure 1 shows the alkali treated coir fiber which has been used in this 
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Figure 1: Coir Fiber 


Vinyl Ester Resin 

A Several reference exhibit that the polymers possess good binding property comparing to other binders. 
The accessibility together with the lower cost intensifies the selection of polymers as a binder. The properties of mold 
ability, handling and flow ability are well enhanced by the presence of unsaturated Vinyl ester in the polymer matrix. 
Vinyl ester resin has a lower viscosity than polyester resin and it is more transparent. It is easy to fabricate composite 
material by using this resin which added its advantage. The resin will get melted when in contact with gasoline and the 
hardener used is same as polyester resin and the mixing ratio will be 10:1 (Resin: Hardener). The cost of resin and hardener 
will be equal to that of polyester resin and hardener, but won't show a huge difference. The mechanical properties of Vinyl 
ester resin are shown in the Table below. 

Table 2: Mechanical Properties of Vinyl Ester Resin 


Properties 

Values 

Density 

1320 kg/m 3 

Poisson’s Ratio 

0.33 

Young’s Modulus 

3.5 GPa 

Thermal Conductivity 

0.21 W/m U C 


Composite Fabrication 

A stainless steel mold having a size of (300mmx 300mm x 3mm) was used for composite fabrication using 
compression molding process. The fabrication parameters and their levels are given in Table 3. 


Table 3: Parameters and their Level 


Model 

Fiber Length 
(mm) 

Fiber Content 

(%) 

Particulate Content 

(%) 

SI 

10 

30 

10 

S2 

10 

20 

20 

S3 

10 

10 

30 

S4 

30 

30 

10 

S5 

30 

20 

20 

S6 

30 

10 

30 

S7 

50 

30 

10 

S8 

50 

20 

20 

S9 

50 

10 

30 
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In the fabrication of natural fiber composite, a mold plate was taken and the releasing agent Poly Vinyl Acetate 
(PVA) was applied first to the surface for removal of the foreign particles and for non-stickiness of the composite material 
to the surface during removal from mold plate. This PVA helps for easy removal of the composite material from the mold 
after compression. In this compression molding technique was used to fabricate the composite material. 
The matrix material composes of unsaturated Vinyl ester resin, termite mound sand which acts as a filler. Cobalt octoate 
accelerator and the catalyst as Methyl Ethyl Ketone Peroxide (MEKP). These matrix materials are mixed in the ratio 
1:0.015:0.015 and coir fiber is pre-impregnated with this matrix. Then this is placed in the resin which has the mold size of 
300 mm x 300 mm and all these are compressed heavily in the compression molding machine. After 60 minutes, the 
composite material is removed from the mold and it is cured at a temperature above room temperature i.e., approximately 
28° C for one day. Now, the prepared composite materials taken for several testing's based on the need and shapes were cut 
according to the ASTM testing standards. 



EXPERIMENTAL RESULTS AND DISCUSSIONS 

Impact Testing 



Impact test specimen sample prepared as per ASTM standard ASTM D256-05 and the size of the specimen is 
(64x12.7x3.2). The specimen is tested in Tinius Olsen Impact test machine the impact energy was calculated based on the 
height to which the striker would have risen, if no test specimen was in place, and this was compared to the height to which 
the striker actually rose 

Impact S trength(kJ/m=) = Impact energ y (J) x 1 (1) 

Cross sectional area(nr) 10 

The Izod impact strength was calculated using the Equation (1) and the photographic images testing machine and 
Tested impact specimens are shown in Figures 4 and respectively 
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Figure 4: Photographic Image of Fractured 
Impact Test Specimen 


Effect of Fiber Parameters 

The Figure 5 shows the relationship between fabrication parameter and impact strength of termite mound filler 
added composite and eggshell filler added composite. The maximum Impact strength is obtained in all the levels of fiber 
length tabulated. The maximum Impact strength was obtained in 30 mm fiber length, 20% Particulate content in the termite 
mound filler added polymer composite exhibit value of 45.35kJ/m 2 . In eggshell filler added composite exhibit the 
maximum impact value 37.3kJ/m 2 in the 50 mm fiber length, 20% Particulate content composite. The very low Impact 
strength was obtained in 10 mm fiber length, 10% Particulate content in both eggshell filler and termite mound added 
composite. 


Table 4: Parameters and their Level 


Runs 

Fibre Length 
(Mm) 

Particulate 
Content % 

Impact Strength 
Kj/Mm 2 

Impact Strength 
Kj/Mm 2 

1 

10 

10 

25.65 

27.0 

2 

10 

20 

38.75 

33.5 

3 

10 

30 

29.35 

29.0 

4 

30 

10 

34.65 

32.3 

5 

30 

20 

45.35 

37.1 

6 

30 

30 

38.75 

31.1 

7 

50 

10 

32.45 

32.0 

8 

50 

20 

40.25 

37.3 

9 

50 

30 

28.6 

30.9 
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Figure 5: Comparison of Impact Strength of Termite 
Mound Filler and Egg Shell Filler 
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CONCLUSIONS 

The composite material was prepared using termite mound and eggshell filler material in the composition of 10- 
30%. The material was bio-degradable waste and found it has good impact strength than other composite material. 
This investigation activity mainly focused on comparing the impact behavior of vinyl ester based termite mound filler 
added coir fiber composite and eggshell filler added coir fiber composite. The material prepared with 20% termite mound 
particulate coir fiber reinforced composite with 30 fiber length has the highest impact strength. It has been discovered that 
termite mound particulate improves the impact strength and can be able to withstand sudden impact load. 
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